The impact of SES on mortality is an established fact. I examine if this impact decreases with increasing age. Most research finds that it does so but it is unknown whether this decrease is due to mortality selection. The data I use come from the US-Health and Retirement Study, which surveyed 9376 persons aged 59 and over from 1992 to 2000.
Introduction:
The impact of the socioeconomic status (SES) on health and mortality has been observed many times in mortality research. Poor groups of people have generally two to three times higher death rates than rich ones (Auerbach and Krimgold 2001:31) . The difference in life expectancy for Dutch men between the highest and lowest educational group is 4 years (Stronks 1997:3) . In the 1980s, white men in the USA with a family income lower than 10.000$ had a 6.6 years lower life expectancy than those with an income higher than 25.000$ (Smith 1999:147) . Within-country differences are at times much higher than international differences, e.g. the male mortality rate of those aged under 65 is higher in Harlem, New York, than it is in Bangladesh, India (McCord and Freeman 1990) .
In spite of overall decreasing mortality levels, economic growth and improvements in medicine, mortality differentials between income groups and educational groups increased at ages 25 to 64 between 1960 and 1986 in the USA (Pappas et al. 1993:103) .
In the 1980s, this was also the case for all countries for which data are available (Valkonen 2001:8826) .
Increasing differences here means increasing relative differences. Absolute differences, by contrast, may have decreased because of the overall declining level of mortality.
However, results for the USA indicate that lower class mortality did not decline at all, which means that even absolute differences have increased (Auerbach and Krimgold
2001).
There is an ongoing debate about the causality of these mortality differentials. Some authors assume that health inequalities arise prior to differences in SES and that especially in later working ages the health status translates into SES via the ability to work (Smith 1999) . In the following, I will leave this question aside and assume that the main direction of causality goes from SES to health and that the notion of " SES impact on health and mortality" is thus generally justified. The concrete pathway of this impact will be further illustrated below.
While socioeconomic differences in health and mortality are well established by research findings, it is unclear whether these differences are stable across the life course or whether they decrease in old age. The latter is the most common finding made by researchers and has been explained using the following arguments:
1. Aging works as a leveler of social differences because biological processes assume dominance over social determinants and eventually everybody must die, regardless of social class (Liang et al. 2002:295) .
2. The welfare state reduces socioeconomic differences in old age through benefits and social policy.
3. The impact of past experiences that are responsible for health differences, e.g. working conditions, fades out at old age.
4. The observed mortality differences get smaller in old age on the aggregate level because the surviving population is more homogeneous due to selective mortality.
The last argument means that the impact of SES on mortality on the individual level can be stable or even increases with age. This opposite result is based on the following assumptions:
5. The impact of past unhealthy experiences, e.g. unhealthy working conditions and smoking, is postponed to older ages.
6. Past experiences, e.g. education, accumulate and may interact with other factors, e.g. economic and social capital. The health outcome of this accumulation is incorporated into the "health stock" (for a discussion of arguments 2 to 6, see Ross and Wu 1996:107) .
7. Vulnerability increases in old age and makes differential exposures more harmful (House et al. 1994:221) .
The theoretical background of this research is the question whether the interplay between social and biological factors in determining health and mortality of an individual is changing over the life course or not. Another related question is how we can understand social inequality in old age. Health may become so important for the living conditions and quality of life that it becomes an important aspect of social inequality. My study aims at finding out whether the impact of socioeconomic status decreases with age or not and to what extent the connection between SES and mortality is mediated by the health status.
To motivate the choice of variables and models in the empirical part of this paper, I will give an overview of possible causal pathways from SES to mortality. According to the majority of studies, material factors are responsible for a large part of socioeconomic mortality differences. Money can buy healthy food, good housing, better medical treatment and other goods that are directly or indirectly relevant to maintaining a good health status. Education is important to get knowledge about health risks and healthy behavior. Social capital is helpful when a person needs information, connections, and emotional and practical help.
Stress and behavior are factors that are on an intermediate level between SES and mortality. Stress is likely to be higher and health behavior is poorer in lower status groups. Finally, on the societal level the health care system is an important factor that has an influence on whether a low status can cause poor health and higher mortality or not (Davey Smith et al. 2001; Kunst 1997) .
Data:
My data come from the US Health and Retirement Study (HRS) and the study of Assets and Health Dynamics among the oldest old (AHEAD). These are two representative studies conducted by the Institute of Social Research (ISR), University of Michigan, that were started separately in 1992 and 1993 respectively and then combined in 1998 with a follow-up every second year 
Variables:
Education is measured in years of education (time constant, levels 0-7,8-15,16+) .
Wealth includes all assets of the household in which the person lives (bank account, real estate, shareholdings etc.) and is measured on three levels: lowest quartile, second lowest quartile and above median wealth.
Income is the net annual household income divided by a weighted number of persons living in the household (net equivalent income). The weight is 1 for the first person and 0.7 for all other persons in the household. Income is also measured on three levels: lowest quartile, second lowest quartile and above median income.
Parents' mean age at death is the mean age at death of both parents (time constant, levels -75, 76+). Under certain conditions, it captures the genetic constitution that is transferred from the parents to their children; see discussion section.
Children is an indicator for any own children (time constant, levels yes, no). This variable measures partly social capital, namely if it is possible that a child looks after the old person, but it can not be treated as a social status variable. This is because it measures many different things. For example, having numerous children is an indicator of low social status and may be the cause for higher mortality whereas having no children may be the consequence of bad health (Doblhammer   2000) .
Labor force status. This variable differentiates between working, being retired/disabled and not being in the labor force. While the labor force status is to a large extent a function of age and health (which I control for by using other variables), it additionally captures other information on social status and every-day lifeinformation that is predicting mortality.
Marital status is not a social status measure in a strict sense. Firstly, marital status depends partly on social status, e.g. persons with a relatively low social status are more likely to live alone. Secondly, marital status has a high impact on the social status in the sense that divorce or widowhood is often followed by a loss of economic and/or social capital. In this analysis I combine the divorced with the never married persons because these are both very small groups which show a similar level of mortality.
Health behavior is an index focusing on a) physical activity, b) being an ex-smoker and c) a current smoker.
Self-rated health. Question on self-rated health are asked in the traditional way, with five provided categories of answers. I merged the first two categories "excellent" and "very good".
Objective health is another index that includes a) being in a hospital for more than 10 days per year, b) limitations in activities of daily living (ADL), c) body mass index (BMI) at baseline < 21.4 for men and < 19.5 for women (=lowest decile) and d) loss of weight of more than 10 per cent between two waves (= two years).
Age is controlled for using four age groups (59-69, 70-79, 80-89, 90+) Some variables have been tested in previous models and than skipped because they did not show significant results after controlling for other variables. The omitted variables are: occupational group, parents' education, going to church, children living nearby, drinking, high BMI, gaining 10 per cent of body weight.
Methods:
I apply event-history-analysis with a model for the force of mortality. This includes a baseline for the basic time variable age that is piecewise linear. The results shown are computed with STATA 8 and aML 2.04. The baseline for age covers the age range from 59 to 107 whereas the observation period is only 8 years, namely from 1992 to 2000.
Thus, the cohorts are not real cohorts but partly synthetic ones in the sense that in spite of the longitudinal data, no individual in the data set is really observed from age 59 to ages above 67. Different models are used in different steps to analyze the causal relationships between the predictor variables and the mortality rate including different interactions and heterogeneity. A general formula for the model is:
where y(x) is the baseline hazard that depends on age, X is a matrix of time constant variables and W denotes a matrix of time-varying variables that depend on age. The fourth term represents an interaction between a time constant and time varying variable, A and B, where I is an indicator that equals 1 for one specific combination of the levels of the two variables and that equals 0 otherwise. U stands for a heterogeneity term that is assumed to measure an individually constant frailty in the sample. Table 1 shows relative risks. The underlying models are without interactions and separate for men and women. The absolute baseline risk for the four age groups is not shown. The baseline risk roughly doubles from one age group to the next, i.e. with every ten years of age. Model 1 only contains the univariate results of each variable separately.
Results:
All variables show the expected association with mortality and all of them are significant, except marital status. The latter is not significant for women. Having children is not significant for men and, surprisingly, men with 8 to 15 years of education do not have a significantly lower mortality compared to those with 0 to 7 years of education. In Model 2, all variables that directly or indirectly describe SES are included simultaneously while health variables are excluded. Naturally, the mortality differences between the levels of most of the variables get smaller than in Model 1 but, for example, income and wealth still have an independent significant impact on mortality. We see that when wealth and income are controlled for, higher education no longer has a positive separate impact. Men with an intermediate level of education even have a significantly higher mortality than lowly educated men (see discussion below). Having children reduces mortality for women but not for men. Further, the retired, the disabled and persons who are not in the labor force have a higher mortality than those who still work.
Widows do not display a significantly different mortality from married persons. Men who are divorced or who have never married have a higher mortality whereas women in the same group have a lower one. Interestingly, the relative mortality risk of divorced or never married women turned from an insignificantly higher mortality according to the One intermediate step between Model 2 and 3 is not shown here: it adds only health behavior to the SES variables and shows that the measured items of health behavior (physical activity, being an ex-smoker and being a smoker) changes the coefficients only slightly and do not remove the significance of any socioeconomic variables. This means that socioeconomic mortality differences to a large extent can not be explained by health behavior.
Model 3 is the full model, where the three health variables and also parents' mean age at death are added. We see that a high parents' mean age at death significantly reduces the mortality of women, and this supports the assumption that common genes in a family contribute to longevity. This interpretation is a valid one, not least because the inclusion of parents' education in the model as an indicator of their social status does not change the impact of their age at death (results not shown). Thus it is unlikely that in Model 3 parents' SES influences both the parents' mean age at death and the mortality of the respondent.
In the full model, wealth is no longer significant but most of the other socioeconomic mortality predictors still are. This indicates that the transition from a given health status to death is also influenced by the socioeconomic status.
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The results in table 1 are based on the assumption that the relative risks below or above 1 reduce or increase mortality as a multiplicative factor over the whole age range and across all levels of different other variables. This assumption is too simplistic. Therefore, the following interactions give a more accurate picture of the influence of selected variables. To address my central question whether socioeconomic mortality differences are stable or declining with increasing age, it is necessary to run interactions between age, i.e. the basic time variable of the model, and a variable for SES. In the following analysis, I will use income as an indicator for SES. This is because it has the highest separate impact on mortality ( Table 1 ). The analysis with the other indicators for SES (not shown) sometimes show the same and sometimes less consistent results than with income but they never reveal much different or opposite patterns. Figure 2 shows the mortality for men with interaction between age and income based on Model 2. Note that the graph does not show the increase of mortality with age but only the differences between the three income groups. Those with a middle income also display a lower mortality. But this is only just significant. Far from being significant in this graph, however, are the fluctuations of differences over age groups. So I can conclude that mortality differences between income groups are stable over age. We see that when we control for health, the lines for middle and higher income get closer to the reference line. This effect is limited to younger age groups, with the consequence that mortality differences between poor and middle/high income groups tend to increase with age. But this increase is still far from being significant. The next step is to address the problem of heterogeneity. Unfortunately, the model represented by the equation above, which includes the heterogeneity term U, did not show the expected results. Neither aML nor STATA 8 was able to identify heterogeneity in the estimation procedure. This is most likely due to the sample size, an insufficient observation time or insufficient variation in time varying variables and not to the absence of heterogeneity in the sample. The assumption is that after controlling for heterogeneity, the relative risks would show a more realistic picture of determinants for individual mortality. Especially the mortality differences between social groups as shown in figure 2 and 3 are likely to be underestimated in higher ages because the population at high ages is more homogenous due to selective mortality. Thus, the true change of the impact of income over age for the individual can only be shown after a successful estimation of heterogeneity that in this case has to be postponed until better data are available. But since it is known in what direction the heterogeneity bias works, I can conclude from the results so far that the impact of SES is not decreasing with increasing age.
The next step shows how a health decline is affecting the impact of social status on mortality. Figure 5 shows an interaction between self-rated health and income. Age is still controlled for with four age groups, as it is in all models. This significant interaction shows that income matters a lot when the person is in good health and that it has no impact when the person is in poor health. This means that poor health levels socioeconomic mortality differences.
If the health status is so important for the impact of SES on mortality, then the resulting question is whether the health decline with age is equally distributed between social groups, enough to result in a leveling of the mortality between social groups. I want to mention here three aspects of health distribution. First, health declines generally with age: The correlation between age and average health during the study is 0.20*** for selfrated health and 0.34*** for objective health. But despite of the general health decrease with increasing age, health is unequally distributed between income groups: Table 2 shows the other two aspects of the health distribution: first, the average self-rated health status and, second, the experience of a health deterioration, both by the three income groups from above. A transition from good to bad health here means that at the beginning of the observation period a person was in either the best or the second best category of either self-rated or objective health and has moved down at least two levels by the end of observation. It is difficult to measure how large health differences are and even more so to measure how these differences change with age. But it is obvious that even if health generally declines with age, people with lower income initially have a lower health status and are more likely to experience a health decline.
Concerning the question whether socioeconomic mortality differences decline with age or not, it is, finally, important to see if the impact of the health status on mortality is stable across age groups. Figure 5 shows the interaction between age and health. The interaction between age and self-rated health reveals that mortality differences between health groups are very large in younger age groups (age 59 to 69). When all socioeconomic variables and the other health variables are controlled for, men with a poor self-rated health status at this stage have more than a six-fold higher mortality than those with very good health (RR=6.6, CI=4.4-9.8). These mortality differences converge very strongly in older age groups. This convergence is not due to self-estimation by the respondents because the same interaction based on the objective health measure shows an even stronger convergence (results not shown). Note that, naturally, it is possible to represent the interaction in figure 5 in absolute terms. Mortality then, would increase strongly with age and the distance between the lines, i.e. the absolute differences in the mortality risk, would only slightly decrease with age. But since I do not focus on the general increase in mortality with age, the chosen representation in figure 5 is more appropriate.
The main result with respect to the convergence of socioeconomic mortality differences is that these differences are stable across age. On the other hand, they converge with worsening health but health, in turn, assumes less importance for mortality in old age.
Discussion:
The surprisingly higher mortality for men with an intermediate education has been observed also elsewhere (e.g. Liang et al. 2002) and it has been interpreted as an educational mortality crossover due to selective mortality. An alternative explanation is that, holding income constant in the model, higher education means that the aforementioned education is not translated into higher income. This could be because the person never got a job that matches his the educational level or he lost the job and thus experienced downward mobility, which may have been health related. This interpretation is supported by the fact that the excess mortality for middle educated men concentrates on the lower income and poorer health groups (results not shown). It also confirms that education is not beneficial on its own but only when combined with higher income. One possible conclusion is that education as a measurement of socioeconomic status has, besides several advantages, the disadvantage of being too stable across the life course.
The main result from the previous section, the convergence of socioeconomic mortality differences with worsening health but not with age, leads to the following interpretation.
Age increases for everyone, i.e. a convergence of socioeconomic mortality differences with age would actually indicate that the impact of socioeconomic status decreases with age as a result of an equalizing welfare state policy or due to the temporal distance to unequal health experiences e.g. during work life (arguments 2 and 3 in the introduction).
But instead, I find that socioeconomic mortality differences are stable across age groups (which supports arguments 5 to 7) and that instead of age poor health is the equalizer for social differences, maybe as a result of a universal shift from social to biological determinants of mortality when health decreases (argument 1).
This does not mean that social inequalities do no longer exist after health has become poor. It rather raises the question to what extent health differences are caused by SES and if social inequality in old age is incorporated in a more or less severe health decline and that therefore there is no longer social inequality in the transition from poor health to death. Thus, the question of social inequality in health is analogous to and becomes part of the question of social inequality in mortality.
Research findings reveal clear socioeconomic health differences at old age (e.g. Huisman et al. 2003) . The question of convergence or divergence with age is as unclear for health differences as it is for mortality differences. Ross and Wu (1996) find that health differences increase up to age 90. In this study I can only make an attempt to analyze this question which reveals increasing health differences because from an already unequally distributed health at onset, the rate for health deterioration is also higher for low income groups (see table 2 and figure 6 below).
The central question of my research, i.e. whether socioeconomic mortality differences decrease with age or not has been answered by a modification of the question, namely by the identification of two aspects of increasing age both increasing mortality but with very different implications for the impact of SES on mortality. The first aspect, increasing numerical age, seems to be trivial but in fact some of the arguments used to support the hypothesis of mortality convergence refer solely to increasing age. These arguments can now be rejected. The second aspect is declining health, where my finding that money matters less in poor health rejects the assumption that money is of major importance to people in bad health to get good treatment to prevent them from dying. Concerning declining health, the problem remains: the theoretically simple scenario that a socially mixed sample will experience a simultaneous health decline that would level social differences in mortality will practically never happen. The health decline of upper class persons will either be delayed, will start on a higher health level or will be slower.
Therefore, it is difficult to say if the potentially leveling impact of a health decline is actually effective. This is because poor health is likely to be to a large extent the result of low SES and thus it is unequally distributed. Figure 6 neglects the age dimension for a moment and shows the relation between health, SES and death, summarizing the findings from table 2 (transision A) and figure 4 (transitions B and C). It is not obvious from my findings how age is intervening in this constellation. On the one hand, figures 2 and 3 show that the impact of social status is constant, on the other hand the impact of health on mortality decreases with age (figure 5). To answer this question, a very good measurement of socioeconomic health differences across age groups and maybe a multi-process model would be advantageous but both go beyond the scope of this study at the present stage.
One prerequisite for a good modeling of individual health trajectories is to have an observation time that is longer than 8 years and would cover a larger part of the age range from 59 to 100+. This limitation may also be the reason for the failure to identify unobserved heterogeneity. This is because for such a procedure in a one level data set, one needs sufficient variation in time-varying variables. Another limitation is the underrepresentation of institutionalized persons, which possibly results in an underestimation of mortality differences. This is supported by Huisman et al. (2003) who tested and found that samples that exclude institutionalized persons indeed do underestimate health differences in older ages.
